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SYNOPSIS 
Preliminary observations indicated that some animal products ha 
the power of clestl-oying carotene and that such preducts of high caro- 
tene consuming pourer might injuriously affect chickens if included in 
the ration. Conditions which affect the calwtene consuming power were 
studied. Methods for determining it were worked out and are given in 
detail. Samples of meat and bone scraps, meat scraps, tankage, dried 
fish, dried skim milk and dried butter milk may have it high consuming 
power for carotene. Vegetable feeds such as  corn meal, cottonseed med, 
aheat pay shorts nncl wheat bran very rarely if ever have any power to 
destroy ca~wtene. The carotene consuming power is not constant but 
may increase or decrease, from time to time. It is removed by autoclav- 
ing, but in as short a pried as  a week the feed may again have a high 
camtene consuming power. When fed to rats with f e e d  containing 
~ncrrleratn quantities of carotene, n~ent meal with high carotene consum- 
ing power sometimes decreased the vitamin A stored in the liver and 
wmetimes did not. Fed to rats receiving very low quantities of caro- 
tene, meat meal with high carotene consaming power slightly decrease 
the length of life and the r n a x i m ~ ~ ; ~ ~  weight attained. Fed to chicken! 
in 4 of 6 experiments the high carotene consuming power of m e  
prociilcts had no injurious effects. In the other two experiments, in on 
of which the ration contained low quantities of carotene, the by-pr~duc 
with high carotene consuming power appeared to cause vitamin A dt 
ficiency. The high carotmie consuming power is injurious ta chiclrem 
only under exceptional conditions, and when n ration very low in carc 
tene or- vitamin ,4 is being fed. 
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THE CAROTENE CONSUMING POWER OF CERTAIN FEEDS 
G .  S. Fraps, W. W. Meinke and Rnymoad Relser, Division of Chem- 
istry and R. M. Sherwod, Division of Poultry Husbandry. 
Occasionally samples of meat scraps, tankage, and fish meal in the 
diet of chickens have been reported to have a deleterious effect. Kaupp 
( 6 )  nobed that fish meals with a high free fatty acid content had an  
adrerse effect, and Te Hennepe (quoted by Schroeder et  a l )  12 reported 
that meat scraps with a high free fat ty acid content apparently reduced 
the egg production. Schroeder, Redding and Hurber ( 1 2 )  found tha t  
chickens fed meat scraps with a high free fat ty acid value developed 
signs of vitamin A and D deficiency; the  meat scraps after extraction 
nith ether showed only a partial loss of the ability to produce the vitamin 
deficiencies while the extracted fat, when added to wholesome meat 
scraps, was not deleterious. Gray and Robinson ( 4 )  did not confirm 
these results. Sherwood, in the Division of Poultry Science of the Texas 
Agricultural Experiment Station, found tha t  some samples of meat and 
bone'scraps produced pronounced vitamin A deficiency. Lease, Lease, 
Reber, and Steenbock ( 7 )  found that  when rancid fa t  or  fatty acid 
peroxides were fed to rats  a t  the same time with vitamin A or carotene 
there was a marked decrease in the vitamin A stored in the liver. Quack- 
enbush, Cox and Steenbock reported ( 9 ) tha t  the presence of alpha-toco- 
pherol or catechol protected the carotene from the rancid fats. Harrell- 
son et a1 ( 5 )  reported that  ' fa ts  which had been heated destroyed the  
ritanlin A potency of other foods fed with them. 
When meat products are moistened with a solution of carote'he in 
petroleum ether, the petroleum ether allowed to evaporate and the  mix- 
ture allowed to stand over night, there is sometimes a loss of carotene 
due to the presence of the meat product. 
The conditions which affect this loss have been studied and a method 
derived for determining the carotene-consuming power of feeds. 
Carotene oxidase which destroys carotene a s  reported by Sumner and 
Dounce ( 1 4 )  and Sumner and Sumner (14)  to be present in the  water 
soluble extracts of legumes, is different from the compounds in meat 
products which destroy carotene. A method for the determination of 
units of carotene oxidase in legumes has been reported by Reiser and 
Fraps ( 1 0 ) .  
EXPERIMENTAL ON METHOD 
Preliminary experimental work was necessary in ord-er to develop t he  
method for determining carotene consuming power described below. Al- 
falfa leaf meal was not a suitable source of carotene, since destruction 
in it was both slight and irregular. In  the procedure finally adopted a 
solution of purified carotene in petroleum ether was added to the sample, 
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t he  petroleum ether allowed to evaporate and, after a period of time, the 
carotene tha t  remained was purified and determined by means of a 
photoelectric colorimeter. The purification was found to be necessary 
because the  petroleum ether usually dissolves colored material from 
the meat products. An equal amount of the carotene solution treated in 
the same way but without a sample was used as  a standard. Some ma- 
terials absorb carotene instead of aestroying it. Other factors were also 
found to influence the results and must be carefully controlled in order 
to secure reliable results. 
When the carotene solution was added to the meat product in an  
Erlenmeyer flask, higher losses occurred when the flask was unstoppered 
than when it  was stoppered (Table 1). The vapor of petroleum ether 
protected the carotene in t he  stoppered flask. No difference was observed 
(Table 2 )  due to the  increase in exposed surface when the meat product 
was spread over the bottom of a 4 0 0  ml beaker as  compared with a 
ml beaker. The quantity of sample affected the results (Table 3 )  
smaller percentage of carotene being destroyed when 4 or 5 grams 
sample was used than when 1 gram was used. The quantity of carot 
used had some effect, since a larger percentage was destroyed (Table 
when 550  micrograms was used with a 5 gram sample than when 
micrograms was used. Thus, the  greater the relative amount of C2 
tene present, the greater both the absolute amount and percentage 
Table 1. The effect of stoppered and unstoppered flasks on the loss of Carol 
in contact with feeds. 
ae- 
tene 
Meat and bone scraps ------------------------------------------ 
Meat and bone scraps ------------------------------------------ 
r .  1 ankage ......................................................... 
l'ankage--------------------------------------------------------- 
. Tankage 
Tankage------------------------ ................................ 
Unstopper 
loss % 
-- 
74 
11 
17 
68 
48 
1 
21 
+; 
> 
52 
89 
20 
Stoppered feed 1 loss % 
Dried skim milk -_----------------------------------------------- 
3770 protein meat nnd bone Fcraps .............................. 1 ii 50% protein meat and bonc scraps ............................. 
SWO protein meat and bone scraps ----------------------------- 1 45 
5% protein feeding tankage with bone ........................ 
50% protein meat and bone scraps -------.--------------------- 
5@7~ protein meat and bone mea; .................... - --------- 
50% prote:n meat and bone scraps ............................ - 
Cm protein meat and bone scrapc ............................. 
WO protein meat and bone scraps --------------------------- -- 
fXYo protein meat meal digrster tankage ...................... 
5Cv0 protein meat and hone ~ m a p s  ............................. 
1 4  
1 
3 
14 
0 
50 
69 
4 
- 
Table 2. The effect of area of surface exposed on the percentage of carotene 
destroyed. 
Sample 
Loss 
1W cc beaker 400 cr bmaker 
% I 
I 
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e 3. Eff 'ect of the quantity of sample on the percentage of carotene 
destroyed. 
blc 
SI 
Fish 
T q n k  
m r a 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1 28 
,.,,.,.nrc - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  I e0 
T n n k a ~ c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  52 
T a n k a g e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  5.3; 
JIcat and b o n ~  $craps .................................. 24 
Ikat and bone scraps .................................. 71 
T a n k a g e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  46 
T ~ n k a ~ e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  44 
Pable 4. Effect of amount of carotene on the percentage of carotene 
destroyed.. 
I Loss 
- 
110 3U)I 530 
micrograms micrograms micrograms 
carotene c a r o p e  carotene 
% 
- 
% 
Grams of 
sample 
Tank 
Tank 
Tnnk 
Tank 
.ed. The reason for this result is not apparent as  one would expect 
3estruction to vary directly with the amount of sample. 
.ied skim milk and meat products from which the fat had been ex- 
ed have the power of absorbing carotene, holding i t  from solution 
etroleum ether, to the extent of 1 6  to 30 per cent of the  carotene 
d. This source of error was avoided by dissolving tbe  milk product 
rustic potash or  treating the  meat product with alcohol so as  to  bring 
tbsorbed carotene into solution. 
le temperature affects the  quantity of carotene d.estroyed; the  data 
ble 5 shows appreciably greater destruction a t  350 C than a t  60 C. 
stro! 
the ( 
Dl 
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in ps 
adde 
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Ta' ble 5. The effect of temperature on the loss of the carotene in contact 
with feeds. 
- 
Tnnki 
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~mple 
- -- 
qpe--------------------------------------------------------- 
and bone scraps --------,--------------------------------- 
.................................................. 
.................................................. 
'Ice - ------ 
neal------ 
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Loss 
---- 
6" C 
% % 
--- 
91 I 28 71 20 
40 
)f a freshly prepared solution of carotene in petroleum ether 
De evaporated in a beaker and allowed to  stand over night with lit- 
e no loss of carotene. But, if the  solution is stored a few days, especial- 
exposed to light, the  carotene becomes activated, so tha t  although 
! is little loss of color from the solution, there may be considerable 
may 
tle ol
ly if 
there 
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.e' solutic :arotene >n is allowed to evaporat and 
, , ll,,IIc. I t  is  seen from Table 6 tha t  the loss may' be 2 8  to 7 0  per 
?nt  of the carotene. The  loss was less when a brown bottle was used 
, r  storage than when a clear glass bottle was used. 
The activated carotene in an  old solution may be partly protected from 
ISS by meat products. As shown by the results in Table 7 ,  there is less 
18s when such a solution is add.ed to the  meat prod n when i t  is 
laced in a beaker alone and allowed to stand over I 
lucts tha 
night. 
Table 6. Losses I freshly p: 
e used. 
repared o r when 0 ld solutions 
irotene in t sposure to  air 
solution , .- r over night 
'able 7. I 
ge of solution in days- -- 0 14 0 4 I 14 
Effect of exposed 
POW 
-- 
urifled carotene No. 1 i 
brown bottle ---------- -- 
~rifled carotene No. 1 i 
clear bottle- ------ :--- -- 
npurifled carotene No. I JU 
brownbottle ........................ 
npurifled carotene No. 1 in 
clear bottle- ........................ 
~riffed carotene No. 2 in 
brown bottle ------------------------ 
nrifled carotenc No. 2 in 
clear bottle ......................... 
npurifled carotene No. 3 in 
brown bottle ........................ 
npurifled carotene No. 2 in 
carotene solution on carotene consUming 
ma1 by-products. 
1.30 
1.6 
1.09 
1.06 
1.28 
1.24 
1.24 
feat and bone scraps- .---------- 18 
feat and bone scraps-. .---------- 51 
feat and bone scraps-. .---------- 14 
feat and bone scraps- .---------- 81 
feat and bone scraps ------------,--------------------- 76 
'ish meal-- ................................. -- 25 
'ish meal-- -----,------,----------------- 40 
ardine mea _------------------------,------ 
ardine mea ---------------------------------- 
clear bottle ..--.----.--------.- - --- i 1.09 
Fresh 
solution 
loss 
% 
1.26 . 
Old solution 
56 
1.20 
1 28 
Exposed 
solution 
used as 
stated 
loss % 
-. 
I 
28 
1.16 
Origi 
solut 
used 
s ta t  
loss 
-
1.16 1 1.13 
1.08 
1 .  
1.32 
1.24 
1.13 
1 * 
2 1 3 8 4 1  
I 
2 1 12 34 
I I 
1.03 
0.96 
1.32 
1.24 
1.17 
I 
6 45 
1 
20 
48 
57 
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METHOD OF DETERMINATION 
J FEEDS 
ve t h e  r After considering the various factors discussed abo netnoa c 
determining the carotene-consuming power of feeds decided upon is  a 
follows: 
Carotene solution: Purify 0.1 gm. of SMA carotene by solution i 
chloroform and precipitation with methanol (1). Dissolve 50 mg. a- 
p~rified carotene in 2 ml of chloroform and make up to 500 ml  with 
petroleum ether. Store the  solution in a brown bottle in the  refrigerator. 
Test the solution once a week by pipetting 1 ml into a 150 ml  beaker, 
allowing to stand over night in  a n  incubator a t  350 C, adding 100 ml o' 
petroleum ether and determining the carotene. If when compared wit' 
1 ml of the original solution made up to 100 ml t he  loss exceeds 5 pe 
cent, a new carotene solution should be prepared. 
'rocedure for tankage, meat and bone scraps and fish meals, weigh 
of the sample to  be tested into a 150 rnl beaker and add 1 ml o 
carotene solution, being careful to moisten the entire sample. Plac 
in incubator a t  370 C over night. For  controls, pipette 1 ml of t h  
~tene solution into each of three 150 ml beakers and place with t h  
ipleS. Add 90 ml of petroleum ether to  each beaker. Stir well with , 
is rod and let stand 5 minutes. Stir again and allow to settle. Mak 
to 100 ml. Take 50 ml, add 2.5 gm activated magnesium carbonat 
shake well and centrifuge. Transfer the solution to another bottl 
taining about 1 ml of 1 per cent hydrochloric acid to  remove any sus 
ded material, shake, centrifuge and determine the carotene. For  
bialldard, pipette 1 ml of the carotene solution into a 100 ml volumetri 
k and make up to volume. Store in the refrigerator. Calculate th  
Itene destroyed by comparison with the standard. If appreciable 10s 
Irs in the controls, a fresh solution of carotene should be prepared anc 
work repeated. , 
'rocedure for  skim milk. Transfer 1 gram to a 150 ml beaker anc 
1 ml of carotene solution. Allow to stand over night in a n  incubato 
l;o C. Add 20 ml of a 2 per cent potassium hydroxide solution. Sti 
I a glass rod until completely dissolved. Transfer to  a separator: 
nel and wash the  beaker with two 10  ml portions of 95 per cent alcoho 
three 1 0  ml portions of ethyl ether. Add the washings to the  solu 
in the separatory funnel. Shake. Allow to  settle and add the ethe 
!r to the original ether  extract. Wash the combined ether  extract 
1 3 portions of 100 ml of water. Dry the ether layer in an  Erlenmeye' 
k with anhydrous sodium suIphate and make up to volume in a 10(  
volumetric flask. Purify with magnesium carbonate as  directed abovf 
determine the  carotene. 
rocedure for animal products from which the  fa t  has been c 
xt 1 gm with carotene solution as  directed above. I n  the 
5 ml of alcohol. Warm for  a few minutes on the  water batn, cool 
add 95 ml of ethyl ether. Mix well, allow to sett leterminf 
carotene in the supernatant solution. 
.le and d 
3xtracted 
morning 
-. 
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Table 8. Changes of carotene consuming power during storage. 
-- 
Sta r t  2 4 
Where 
-- 
Meat and bone scraps Laboratory 
Meat and bone scraps ----------- Laboratory 
Meat and bone s c r a ~ s  ----------- Laboratorv 
Meat and bone scrags ----------- 1 
h l e ~ t  and bone scrags ----------- 
Fish meal ------------------------ 
Fish meal ........................ 
Dried skim milk ---_-----------_--- 
Sardine meal --_---_-------------- 
Sarcline meal --------------------- 
Dried buttoemilk ----------------- 
~ a b o r a t o r ?  
Laboratory 
Laboratory 
Laboratory 
Laboratory 
Laboratory 
Laboretory 
Laboratorv 
Mrat and bone scraps --_-------- Incubator 52~1 
Meat and bone scraps ----------- Incubator 33°C 
Aleat and bone scraps ----------- Incubator &?i0C 
Meat and bone scraps ----------- Incubator 35°C 
Meat and bone scraps ----------- Incubator 35°C 
Fish meal ........................ Incubator 35°C 
Fish meal- ...................... Incubator 351°C 
Dried skim milk ------------------ Incubator 35°C 
Sardine meal . . . . . . . . . . . . . . . . . . . . .  Incubator 371°C 
Sardine meal --------------------- Incubator 33°C 
Dried buttermilk ----------------- Incubator 35°C 
78 R 
!I ' "ri 
I " 2t: 
--  I I 
FACTORS WHICH AFFECT CAROTENE CONSUMING POIVER 
A large number of feeds were tested for  carotene consuming power by 
the  methods described. I t  was found to occur almost entirely with mea.t 
products, dried milk products and dried fish. The carotene consuming 
power is not constant, so tha t  the same sample may give different re- 
sults fromrtime to time. Table 8 shows some variations which occurred 
during storage under laboratory temperature and a t  370 C. The caro- 
tene consuming power of some samples increased and that of others de- 
creased. 
Light may increase the  carotene consuming power. Samples of meat 
and bone scraps were divided; one portion of each was placed in clear 
glass bottles and another portion wrapped in aluminum foil was placed 
in a similar bottle. After 4 weeks (Table 9 ) ,  the  samples exposed to 
light had appreciable higher carotene consuming power than those not 
exposed.' As shown in Table 10, portions from the surface of samples 
in bottles, in some cases, had a higher carotene consuming power than 
portions taken from below the surface. 
Autoclaving meat and fish products a t  20 pounds pressure for one 
hour decreased the carotene-consuming power of most of the samples 
as  shown in Table 11. The change was not permanent, as  is shown in 
Table 12. After  one week, the  autoclavet' mples again had a high 
carotene-consuming power. When samples which had a high carotene 
consuming power were ashed, the ash had practically no carotene con- 
suming power. Table 13. This showed that  the ash constituents were 
not responsible for the consuming power. 
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~ l e  9. Effect of light on the sample ! on dest rnction of carotene by leeds. 
Jlcat and bone scraps ------------------------------------ 5 
3lcnt and bone scrap? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
3lent and borie ~ c m g s  --------------------------------- 11 
Fish meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
'I'ankage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 
Table 10. Effect of location of portion used in sample bottle on destruction 
of carotene. 
Surf ace Subsurf aoe 
sample sample 
it and bone scraps 
t and bone scraps .......................................... 
~t and bone scraps ----------------------------------------A- 
Table 11. Effect of antoclaving npon percentage of carotene destroyed. 
~t and bone scraps .......................................... 
'l'ankage with bones ............................................... 
Jlcat and bone wraps .......................................... 
Meat and bone scraps- ------------__----------------------------- 
Jleat and bone scraps .......................................... 
Snrdine meal ---------------------------------------------------- 
Fish meal ---------------__--------__--------------------------------- 
Meat and bone scraps .......................................... 
Same of sample Untreated 
--- 
Jlea 
Autoclaved 
601min. % , 
Tankage ......................................................... 
R a w  bone meal .................................................. 
Fish n~.eal-------------------------------------------------------- 
Jleat and bone ,wCrapS- ......................................... I Jlcat and bone scraps- ----------------- - ---- - - - - - - - - - - - - - - - - - - - ,  
Tankage ------------ -------------------------------------------- 1 
'able 12. Effect of storage 1' week after aatoclaving npon percentage of 
carotene destroyed. 
I At beginning 1 After 1 reek I- 
Narnc of sample U n t ~ t e d  / Auto;:aved 
--------- 
Jleat and bone scraps ------------. ---- 35 
Meat and bone sflaps ------------ ' 5-- 59 
Tankage - - - - - - - -_- - - - - - - - - - - - - - - - - - - - - -  50 
JIeat and bone scraps ..................... 70 
Tankage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
Tankage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 
Tankage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
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Mea 
Tan 
Tan 
Tan 
Mea 
Me a 
Mea 
Mea 
Mea 
, wit: 
lect 
Thc 
pt h I - --- 
terl 
Thc 
the  
C :  -- 
Table 13. Carotene consulning power of the ash of meat pl 
kage --------------------------------------------------------- 
t and bone scraps------------------------------------------ 
Name of sample 
-- --- 
kaae ------------ 1 -------------------------------------------- 1 
Loss of car 
Untreated sam- i- 
kage---------------------------------------------------------l 
t and bone scraps ------------------------------------------ 
t and bone m a p s -  ......................................... 
t and bone scraps ----------------------------------------- 
t and bone scraps .......................................... 
t and bone .%raps .......................................... 
Table 14 shows tha t  the  fat  extracted from the feed by petroleu 
,her consumed carotene in some cases and did not in others while tl 
!sidue from which the  fa t  had been extracted consumed carotene in : 
Lses. One gram of the  feed was extracted six times on a filter pap 
k 10 cc of 300 to 600 boiling petroleum ether. The extract was col- 
:ed in a 300 cc Erlenmeyer flask provided with a ground glass joint. 
: ether was removed by reduced pressure and 1 ml of the petroleum 
er carotene solution added to the f a t  and the carotene consumed de- 
nined. The potency of the residue was determined a t  the same time. 
! results a re  given on Table 1 4 .  This experiment showed that most of 
substance causing the destruction of carotene remained with the frac- 
1 insoluble in petroleum ether. 
able 14. Percentages of carotene destroyed by fats soluable in 
ether and extracted residues. 
I I 
Name of samp1,e 
Tankage--------------------------------------------------------- 
Meat and bone scraps- --. 
Meat and bone scraps- --. .-------------------------- 
Meat and bone scraps- --- 
Meat and bone scraps- --. 
Dried skim milk ----------. .-------------------------- 
Meat and bone scraps- ,----- .------: ------------------. 
,7z- 
'1 meal ---------,---------------------------------------------- 
t and bone scraps- ----------------------------------------- 
I meal-------------------------------------------------------- 
Fats soluble in 
petroleum ether 
loss % 
- 
Estractetl 
residues 
~t was thought tha t  the  failure to extract the  carotene destroying su 
stance with petroleum ether might be due to  the presence of fatty ac 
peroxides which a re  only, slightly soluble in tha t  solvent, but a re  soluk 
in alcohol and ethyl ether. To test this point' a series of determinatio 
w e r e  made by boiling 1 gram of the  sample with 10 ml of redistill1 
alcohol for  10 minutes, adding 25 ml of peroxide-free ethyl ether whj 
still  warm, and filtering into a 300 ml Erlenmeyer flask provided wi 
a ground glass joint. The extraction was repeated twice with 5 ml 
ed 
ile 
t h 
of 
,E C A R O T E K E  COKSUMING P O W E R  OF C E R T A I N  F E E D S  - -  
alcohol and 15  ml of ether and finally with two 15  ml portions of ether 
only. The alcohol and ether was drawn off by means of reduced pres- 
sure and the carotene consuming power of t he  fat  and of the  extracted 
resi'dues determined. I t  was found tha t  the  carotene is tenaciously ab- 
sorbed on the  fat-free material and must  b$ removed by heating with 
alcohol. The procedure was modified to permit this manipulation. Table 
15  shows the results of the determinations. Both the  fa t  and the ex- 
tracted residue had carotene consuming power which showed tha t  thc 
carotene consuming power was not due entirely to fatty peroxides. 
tracl 
fat-f 
ing : 
was 
Table 15. Percentage of carotene consamed by fat free residue anti by the 
fat extracted from meat products. 
Sample 1 Unt rea t ed  F a t - f r e e  F a t  
i residue , 
stan 
this 
of tl 
did 
Jlpat and bone  sc raps  .................................. 
Meat and  bone  sc raps  --------------------------------- 
Meat and bone  sc raps  .................................... 
Meat and b o n e  scrap@ -----------_------------------------- 
SIwt and b o n e  s c ~ a p s  ------------------------------------ 1 13 
JIeat and bone  sc raps  --------------------------------- 38 
U r ~ t  and b o n e  sc raps  .................................... 75 
T a n k a g e - - - - - - - - - - - - _ _ - - - - - - - - - - - - - - - - - - - '  70 
Jleat and bone  sc raps  ---------------------------------- 78 
Tankage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
The effect of autoclaving upon the  fa t  and t h e  fat-free residue wa! 
studied. Four 1 gram samples of a series of meat products were ex 
:ed with alcohol and ether as  in the  method described above. Two 
ree and two fatty fractions were autoclaved. The carotene consum- 
power of one autoclaved and one untreated fraction of each material 
determined a t  once. The  corresponding fractions were allowed to 
d one week before their potency was determined. The results o 
experiment are tabulated on Table 16. Autoclaving destroyed som 
ie potency of both the fat  free and fa t  fractions. The fat  free residu 
not increase in carotene consuming power in a week of storage bu 
carotene consuming power of both the autoclaved and the  untreated 
increased to almost 100 per cent. 
- 
Meat 
- 
- 22 
31 
18 
% 
20 
4 0  
36 
41 
42 
38 
T a d  
Tan1 
Tanl 
Tan1 
31 
18 
23 
W 
7 
34 
65 
70 
50 
48 
Tankage -------------------------------------------------- S 31 
Tankage- .-.----.----.--- i 35 . 1 23 
e 16. Percentage of carotene consumed by fat and by fat-free residue of 
meat products before and after antoclaving. 
1 Immlediately 1 *fter  o n e  week 
54 
40 
I ~ a t - f r e e  residue1 F a t  I ~ a t - f r e e  residue1 Fat 
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The instability of the  active principle, when considered with work 
~f others ( 7 ) ,  seemed to indicate tha t  peroxides of the fatty acid n r p  
'esponsible. This simple theory was very attractive, but had t~ 
nodified when i t  was found that  repeated extractions with boiling 
101 and ether (Tab1.e 15)  did not completely remove the carotene 
suming power. There is the possibility tha t  in the unextracted matella1 
only the fatty fraction is active but that  after removal of the fat there 
is a new effect due to surface phenomena. We have seen above how 
meat scraps protected unstable carotene from oxidation by the air and 
tha t  this protective power may reside in the  fat fraction, as  can be seen 
in Tabke 15 .  When meat scraps of low carotene consuming power were 
extracted, the fat-free fraction had considerably more potency than the 
unextracted material. In all cases the carotene destroying power of the 
*extracted material plus that  of the  residue was considerably higher than 
tha t  of the  unextracted sample. Schroeder, Redding, and Huber (12)  
found tha t  ether extracted meat scraps when fed to chickens produced 
the same signs of vitamin A and D d.eficiency as  the unextracted ma- 
terial, indicating tha t  there may be a substance there responsible for 
the effect rather  than just a surface effect. Some PI-emilinary experi- 
ments have shown that  dried blood has a high carotene consuming power 
hut no relation was found between the carotene consuming power of 
amples of meat scraps and their dried blood'content. 
EXPERIMENTS WITH RATS. 
I t  was thought possible tha t  meat by-products of high carotene con- 
uming power when fed with feed containing carotene might destroy 
arotene in the digestive tract of animals and so reduce the quantity 
vailable for use. Such destruction was found to occur. by Powick ( 8 )  
nd by Lease et a1 (7 )  when rancid fats or peroxides of fatty acids were 
ed to  rats ,  resulting in decreased storage of vitamin A in the livers. 
L similar h e t h o d  of experiment was applied to meat products. 
In  order to ascertain wheth-er t he  carotene consuming power was of 
lractical importance, experiments were made to see if i t  would affect 
he quantity of vitamin A stored in the livers of rats, or  the  length of 
ife and weight when fed when only small amounts of carotene were fed. 
PROCEDURE AND RESULTS WITH LIVER STORAGE. 
Rats 21 days old were selected from females fed on a diet low in 
vitamin A potency since the  birth of their young, and divided into 2 
groups, equalized as  to sex and litter. One group received meat meal 
with a high carotene-consuming power, and the other a similar by- 
D ~ O ~ U C ~  with a low carotene consuming power. Both groups were fed a 
iet usually composed in per cent of white corn meal 37, wheat gray 
horts 25, casein 1 2 ,  yeast (irradiated) 3, salt 1 ,  tri-calcium phosphate 
, calcium carbonate 1, meat meal to be tested 20 and alfalfa replacing 
~ o r n  meal to furnish 1 0  micrograms of carotene per gram, except as 
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otherwise noted. After 1 4  days the rats  were killed, and the livers re- 
moved and weighed. The spectro vitamin A was determined by means of 
a Bausch & Lomb medium spectograph by methods already described ( 3 ) .  
Ten rats per group were used in the first 3 comparisons and 6 per 
group in the  others. The quantity of carotene consumed during each 
experiment was comparativeiy uniform, b e i ~ g  from 1 0 0 0  to 1 1 0 0  micro- 
grams. 
Table 1 7  contains the result of 10' comparisons. I n  5 of the 9  com- 
parisons, in which alfalfa was used as  the source of carotene the spactro 
vitamin A was lower in the livers when the high carotene consuming 
meat meal was fed than when the meat meal had a low carotene con- 
suming power. With the remaining 4 comparisons, the high carotene 
consuming meat meal gave equally as  good results as  the low one. With 
cod liver oil as a source of vitamin A, in the tenth comparison, the  
spectro vitamin A in the  liver of the ra t  receiving m&t meal of high 
carotene consuming power was 8 9  per cent of tha t  secured when the 
low consuming power product was used. Apparently the carotene con- 
suming power of the meat meal interfered with the utilization of caro- 
tene by rats for liver storage in some cases and did not interfere in 
others. The effect in general was not great, so tha t  the high carotene 
consuming power of meat meal does not seem to seriously affect the  storage 
of vitamin-A in the livers of rats.  
It is to be noted from Table 1 7  tha t  appreciably kess spectro vitamin 
A was stored in June and July (35.5 and 4 8 . 1  micrograms per liver) 
Table 17. Spectro vitamin A in micrograms per liver as affected by low and 
high carotene consuming power of meat meals. 
Esperinlent number and source 
of vitamin A potency 
Spectro vitamin A 
per liver 
High 
gms. gms. 
Percent 
high 
of low 
Month .of 
expen- 
ment 
November 
1940 
Bcem ber 
1941 
February 
March 
31%; ------------------------------------- 63.5 57.3 
3-3 -------- 1 . . . . . . . . . . . . . . . . . . . . . . . . .  51.6 1 , 48.1 93 
3Z35 - - - - - - - - - - - - - -__- - - - - - - - - - - - - - - - - - -  
.'.I18 (no oil) ------------------------------ 
3418 (10% oil) ----------------------------- 
Cod liver oil 
31i9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
36.3 
77.4 
91.5 
!n2.6 
96 
ln 
8@ 
35.5 
77.4 
110.4 
1W.5 
June 
July 
1942 
May 
May 
March 
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;han in the  cooler months, as  much as  80.6 ?mber and 9 4 . 5  n: 
Trams in December. 
Substitution of 1 0  0/0 cottonseed oil for 1 0 %  corn meal in the ration 
in another Experiment increased the  storage of spectro vitamin A in 
t h e  liver from 7 7 . 4  micrograms without oil to  1 1 0 . 4  micrograms per 
liver. The effect of some different quantities of meat meal and different 
*quantities of carotene is shown in Table 1 8 .  
Table 18. Effect of percentage of meat meal in the ration on spectra 
vitamin A in rat livers. 
Spectro vitam 
per liver microg 
lJarotene 10 par ts  per million 
No meat meal ------------------------------------------------------------ 1 44 .7  
10% meat --------,-------------------------------------------------- I 16.2 
2CV0 meat meal ----------------------------------------------------------- 22.; 
swo meat meal- ---------------------------------------------------------- 1 I 45.0 
>arotene 5 parts per million I No meat meal ............................................................ 5 . 6  
10% meat  meal ........................................................... I 34.3 2E)% meat  meal------,---------------------------------------------------- 35.4 
3w0 meat meal----------------------------------------------------------- I :>5.3 I 
1 
I 
I n  the experiment described above, the total storage of spectro vita- I 
nin A was compared. Treichler, Kemmerer, and Fraps ( 1 5 )  have shown 1 
hat part of the  spectro vitamin A is not vitamin A a t  all, since i t  may 
ncrease when the r a t  is fed upon a diet practically free from vitamin A. I 
n one experiment the meat meals were also fed without carotene, with 
he results given in Table 1 9 .  The livers of the rats  which did not re- 
eive carotene contained 2 2 . 7  and 2 5 . 1  micrograms of pseudo spectro 
I 
  it am in A per liver. When correction was made for these quantities, 
the spectro-vitamin A stored from the meat meal with low carotene con- 
suming power was 1 2 . 4  micrograms per liver, while that  stored from 
.the meat meal with high consuming power was 8.7 micrograms per liver. 
The carotene consuming power of animal products in the diet may 
ffect the storage of vitamin A in  liver, but not to a great extent. - 
Table 19. Effect of meat meal alone and with carotene on spectro 
vitamin A in livers. 
lo carotene-low ................................................ 22.7 jarotene-low ................................................... 
lo carotene-high ----------------------------------------------- 
:arotene-high .................................................. 35.1 
tddition and carotene consuming 
power of meat meal 
*Corrected f o r  difference in weight of livers. 
,Slpectro vitamin A 
micrograms per liver 
Total Net* I- 
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Effect of Carotene Consuming Power on Longivity and 
Gain of White Rats. 
The experiments on storage in livers were made on moderate levels 
of vitamin A. I t  was thought tha t  the carotene consuming power might  
hare a greater effect if low levels of carotene were fed. 
A t  the time of weaning, litter mates were divided a s  evenly as  pos- 
sible between several groups and 4 males and 4 females were placed upon 
each feed containing 0.1 micrograms of carotene pep gram, or its equiva- 
lent in other forms. The feed in percentage consisted of meat meal 20, 
heated corn starch 57, cottonseed oil 8, irradiated yeast 1, non irradiated 
yeast 9 ,  salt mixture 4 and sodium chloride 1. It was planned to  con- 
tinue the experiment until all the rats  died, but they lived much longer 
than expected, and those alive a f te r  470 to 6 9 8  days were killed and the 
experiment discontinued. 
The carotene in alfalfa was determined as  pure carotene ( I ) ,  the  vita- 
min A in cod liver oil as  spectro vitamin A ( 3 )  and reduced to carotene 
equivalent, and the  pure carotene in yellow corn was calculated to caro- 
tene equivalent ( 2 ) . 
The results of the experiments in which 0.1 micrograms carotene per 
gram of feed was used, a r e  given in Table 20. Average length of l i f e  
and average maxinium weight were both lower with the  rats  which re- 
ceired the meat meals with high carotene consuming power. The dif- 
ferences were not great,  however, but on the other hand were compara- 
tirely small. Very little carotene was aestroyed in the rats  by t h e  meat  
scraps with high carotene consuming power. 
Table 20. Effect of carotene consarning power of meat meals on longev i t~  
and gain in weight of white rats. 
'Ipne of meat meal 
in ration 1 ! 
Loa carotene 
coneumlng------------------------ 
High carotene 
consuming ------------------------ 
High carotene 
consuming------------------------ I 
High cqrotene 
consuming ------------- ---- ------- I 
Source of 
vitamin A 
potency 
(0.1 micro- 
grams per 
gram of 
ration) 
alfalfa 
alfalfa 
cod liver oil 
yellow corn 
No. 
rats  
on 
experi- 
ment 
Experiments With Chicken@. 
No. ' Maximum weight of 1 
This work was started to  attempt to  learn the  cause of certain chick 
losses in Texas that  appeared to be associated with certain animal pro- 
tein feeds. When the feeding of t he  particular animal protein feed was 
ra te  
living 
r a t s  (grams) / Aver. 
1 length. 
discontinued, the  losses usually stopped. I t  was reported that  the chicks 
seemed to be suffering from vitamin A deficiency. The work of Schroeder 
(12)  indicated that  there was a rather  wide variation in the free fatty 
a.cid content of different samples of meat scrap studied by him, and the  
work of Schroeder ( 12 )  as  well as  the work of Powick ( 8 )  indicated 
tha t  vitamin A is progressively destroyed or inactivated by free fatty 
acids. I t  was thought tha t  this trouble with chicks might be caused 
by a destruction of all or part  of the  carotene of vitamin A in the feed. 
In  order to  test this hypothesis, and to ascertain the importance of such 
carotene consuming power several experiments were made. Samples of 
meat scrap were secured directly from a number of manufacturers. Four 
samples of 50 per cent protein meat scrap and one sample of 55 per cent 
protein meat scrap were used in the  first experiment. Nine per cent 
of the different lots of 50 per cent protein meat scrap and 8 per cent 
of the 55 per cent protein meat scrap were used in the respective rations. 
These were used in experiment 1, in which 175 micrograms of carotene 
in  oil was used per 100 grams of ration, and in experiment 2 in which 
5 pounds of dehydrated alfalfa leaf meal containing from 195 to 142 
micrograms of carotene per gram was used per 100 pounds of feed. The 
rations were made up a t  two week intervals during the experiment which 
continwed for 1 0  weeks. The rations used a r e  given in Table 21. 
Table 21. Percentage of ingredients of rations for experiment 1 and 
experiment 2. 
I Experiment 1 / Experiment 2 
Ground kafir- --------------------------------------------------- 
Ground mi10 ...................................................... 
Wheat gray shorts ---------------------------------------------- 
Ground barley --------------------------------------------------- 
Ground whol? oats  --__------------------------------------------ 
Dehydrated alfalfa leaf meal ----------------------------------- 
Meat scraps-------------_---------~------------------------------ 
41% protein soybean oil meal ---------------------------------- 
4.3% protein cottonseed meal ---------------__-------------------- 
Dried whey------------------------------------------------------ 
Oyster shell ------------------------------------------------------ 
Salt---------_-----__----------------------------------------------- 
- 
*4T% kaflr and 8% meat scraps were used in the rations containing 53% protein meat scraps. 
According to  Table 22, all of the chicks in lot 5 died before the chicks 
were 8 weeks old. rn lot 10, which received the same meat scrap as  lot 
5, the mortality was 40 per cent aven though the chicks received a very 
liberal supply of carotene from alfalfa leaf meal. With the  chickens 
in both of these lots marked symptoms of vitamin A deficiency were 
noted. Although the chickens were on wire floors in battery brooders, 
a rather  large number of t he  chicks in lot 5 also had coccidiosis. One 
case was noted in lot 10  and one in lot 4. This indicates the lack of 
resistance to  infections of chicks deficient in vitamin A. 
The free fatty acid content of the meat scrap which did not cause a 
loss was 7.8 per cent compared with 2.7 per cent for the sample with 
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Table 22.-Effect of meat scraps on .mortality and gains in weight 
experiments 1 and 2. 
i Experiment 1 I 
Lot numbers I 
- -- 
Free f a t t y  acid content  
of meat s c ~ a p  ------------ -- 
L a~ 0t~n .e  
consuming power -------- 
Jlortality a f te r  Arst t w o  
r r e k s , p e r e r a t  ---.....--. J 8.71 23.11 z.1 1 32.01lm.0/ 
0 
Gains in a e i g h t  of cork- 
ertli, gm..  ..--..-..---.-. 5&8 I 568 ( 103 1 473 1 - -  1 
Gains in ne:ght  of pul- 
kt., g l r .  -------.-...---.. / 4Ci 1 3% ( 373 / 417 
-- 1 
3lran gains i11 
n right, gnl . ------------. 
Grams of feed per 
gram of pain ..--.-----..- 1 3.391 3.701 4.ml 4 .. 
I 
L i  Ul 
pon 
the 
chic 
Experiment 2 
t re1 
pow 
sho 
mic 
I1 
hay 
Apr 
tanr  
- 
58 
2 . 7  
40.0 
337 
289 
fro] 
alfa 
The 
,:A- 
570 585 462 467 318 
3.33 3.31 8.85 3.79 4 
8 
7.8 
0 
599 
54a 
which the mortality was high. The free fatty acids do not account f 
the vitamin A deficiency. The carotene consuming power of the me 
sp that caused the greatest loss was 58  per cent as  compared with 0 
cent for the meat scrap used in lots 1 and 6 which gave good results. 
In January 2, 1941, Experiment 3 was started with twelve different 
- - ~ p l e s  of animal protein feeds ranging in carotene consuming power 
m 0 to 78 per cent. All contained 175 micrograms of carotene fro 
llfa leaf meal per 1 0 0  grams of feed. The chicks were fed ten week 
: mortality ranged from 0 to 29 per cent, but there was no correl; 
1 between gains in live weight or mortality and carotene consumins 
:er as determined by the methods already mentioned. Neither was 
re any marked indications of vitamin A deficfency in any of the  
:ks. 
In May 14, 1941, Experiment 4 was started in duplicate using samples 
neat scraps with high and with low carotene consuming power; samples 
rish meal with low carotene consuming power, and a sample of tank- 
,,, with high carotene consuming power. No correlation was noted be- 
en gains in live weiglg or  the mortality and the carotene consuming 
.er of the animal protein feeds in this experiment. Very few birds 
ned symptoms of vitamirr A deficiency. These chicks received 175 
rograms of carotene from alfalfa leaf meal per 1 0 0  grams of ration. 
n the spring of 1942, twelve samples of meat scrap were found t o  
e a carotene consuming power ranging from 1.4 to 97.8 per cent. On 
il 24 .  1942, the two samples of meat scrap having the highest caro- 
r ~ ~ 1 2  consuming power and the two samples having the lowest consuming 
'er mere used in rations tha t  mere fed in quadruplicate, (Experiment 
TWO series of rations contained 125 micrograms of carotene per 100 
ms of feed and two contained 200 micrograms. On both levels of 
-- 
-- 
0 
66;; 
503 
6 7 & 9 1 !  
-- 
-- 
0 
526 
397 
-- 
-- 
0 
5101 
424 
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car 
rec 
I 
A c 
ing 
we 
mo 
fer 
C O I  
h 2 7 
le in  oi-l otene, one set of chicks received caroten and thf 
eived carotene from alfalfa leaf meal. 
[n experiment 5 there were few birds showing symptoms of vitamin 
leficency, and there was no correlation between the carotene consum- 
power as  determined by the chemical method and the gain in live 
ight o r  the mortality. In  fact,  there were no significant differences in 
rtality. The  gains in weight were lowest for ration 3 in all of the dif- 
ent  series even though this ration was the second lowest in the carotene 
lsuming power. Some fact0.r other than carotene destruction must 
-re  caused this poorey gain. 
In  the fall of 1942, six samples of meat scraps 'and one sample of 
L - e l .  
grc 
eac 
lea 
- - 
Iood meal were secured. Experiment 6 was started on January 5 ,  1943 
rith rations for each group adjusted to contain the same levels of pro- 
'ns, minerals and vitamins. They contained from 38.9 to 39 .65% 
)und milo, 20% each of ground barley and wheat gray shorts, 4 %  
:h of soybean oil meal and cottonseed ieal, 1/2% of dehydrated alfalfa 
f meal, 1 O/o distillers' solubles, from 0.6 to 5.1 O/o of minerals and from 
5 to 10.0 % of the animal protein feed being studied. They also cc 
Table 23. Relation of carotene consuming power to mortality, gain in 
weight ancl vitamin A lesions of chickens. 
h o t  numbers 1 1 1 2 1 3 1 5 6  1 
1 
I -- 
C'arotene consuming I I 32 
rtali ty after first 
'eeks, per cent- --------- 
Gai 
coc 
G a 
- pul 
Me i 
wei 
in in weight, 
kmels, gm .-------------- 
A S  
gp 
0 f 
fet 
in in weight, 
lets, gm .---------------- 
sn gain in 
ght ,  gm. ---------------- 
Ims of feed per 
roximately 100 micrograms of carotene, and 4 4  units of v. 
100 grams and 6 grams of manganese sulphate per 100 poun 
snown in Table 23, decidedly the poorest gains, greatest mortal 
eatest percentage of chicks showing vitamin A deficiency a t  the ( 
the eighth week of the  experiment and the poorest utilization of 
?d were found with the ration containing blood meal fed to  lot 3.  T 
2od meal had a carotene consuming power as  determined chemic: 
34  per cent as  compared with 4 5  and 5 4  per cent for the feeds u 
rations 1 and 2 respectively. The chicks receiving ration 2 s h o ~  
e third highest percentage of vitamin A deficiency. The gains in ' 
ita- 
ds. 
:'.-- 
im of gain --.--.---.---- 4 .63  3 6.23 4.61 5.79 1.62 , 5 .  
r oent having vitamin A 
l 
ions aftar S weeks on I 
~ r i m e n t  -------...-------- 4.0 4 0 . 9  1 50.0 12.0 1 17.4 , 13.0 , 46. 
655 
726 
ILY, 
2nd 
the 
'his 
illy 
sed 
ved 
live 
560 4 7 1  ' 726 525 ! 705 701 
1 
667 ! 547 
I 
I 
744 593 --- / 34 C96 
1 
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aeight after 1 2  weeks feeding were greatest and the  incidence of vitamin 
X deficiency was lowest in the  case of the chicks in lot 6, ration 6,  but 
four chicks died from this pen. This diet contained the meat scrap which 
had no carotene consuming power according to chemical determination. 
The mortality and number of chicks showing vitamin A defictency a t  t he  
end of eight weeks of the  experiment were low with the  chicks in lot 4,  
vhich received a ration containing a meat scrap having a 1 6  per cent 
carotene consuming power. The weights of these chicks were very satis- 
factory. 
DISCUSSION OF EXPERIMENTS ON CHICIRENS. 
Experiment 6 and Experiments 1 and 2 indicake tha t  there is a defi- 
nite depressing effect by some animal protein feeds on the carotene con- 
tent of a ration. I t  appears tha t  there may be some other factor in- 
volved other than that  represented in the carotene consuming power. 
This work and the use of this carotene con~uming  power is further  con- 
fused by the variability of the  percentage of destruction by animal pro- 
tein feeds as determined a t  different times. This is well shown in Tables 
5,  S and 2 4  that  feeds that  may a t  first have a low carotene consuming 
power but later have somewhat higher consuming power and feeds tha t  
have a very high consuming power may later have a consuming power 
as low as 3 0  per cent. 
It is t rue that  these factors of carotene destruction do not seem to b,e 
present in all animal protein feeds in sufficient amounts to cause trouble 
Table 24. Variations in the carotene consuming power of certain feeds. 
(Per cent.) 
Poultry 
analysis 
number 
Consuming power 
Dates Dletemined 
-PAP-- 
- I---- 
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with chicks, but  the  fact tha t  they do occur in certain feeds of anin 
origin makes this a real problem for poultrymen who may be feedi,, 
ions rather  lpw in carotene. 
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SUMMARY. 
Jertain animal by-products such as  meat scraps, tankage, dried fish 
1 dried milk have the power of destroying carotene. Vegetable feeds 
y seldom had any carotene destroying power. 
The carotene-consuming power is affected by exposure to air,  the 
quantity of the sample, the  temperature and the quantity of carotene 
in relation to  the  quantity of the sample. Carotene solutions in petroleum 
ether became activated in a short time so that  carotene is lost when the 
-etroleum ether is allowed to  evaporate and the mixture to stand over 
ight. Animal by-products may decrease the loss of carotene in such 
~lut ions. '  Milk products may absorb carotene as  well as  destroy it. 
A method of determining the  carotene consuming power of feeds is 
en in detail. Carotene consuming power may change in storage, So 
t the  same sample may give different results a t  different times. 
nples high in carotene consuming power a t  first may decrease in this 
puwer, and those low in carotene destroying power may increase. Ex- 
ure to light may increase carotene consuming power. Autoclavi' 
reased carotene consuming power but the changes were not pf 
nant, #even for as short a period as  one week. 
30 th  t he  fat  and residue from which the fat  had been extracted h ~ -  
otene consuming power. 
'he carotene consuming power may have been partly due to fatty acid 
oxides, but not entirely. Materials subjected to  treatment which 
snould have removed fatty acid peroxides still had a high carotene con- 
suming power. 
When meat meal having high carotene consuming powers was fed to 
rats, in 5 of 9 experiments the livers contained less vitamin A than when 
similar feed having low carotene consuming power, was fed. The dif- 
ferences, however, were comparatively small, and in 4 of the experiments 
the  high carotene consuming power did not decrease the vitamin A stored. 
Rats fed on a mixture containing 0.1 micrograms of carotene per gram, 
with meat meal of high carotene consuming power had a slightly shorter 
average length of life and attained a lower average maximum weight 
than rats  fed corresponding meat meal with low carotene consuming 
nnwer. The differences were comparatively small. 
T H E  CAROTEiSE C O S S U M I N G  P O W E R  OF CERTAIN FEEDS 
Six experiments were made to ascertain the effect of carotene co 
suming power upon gains in weight and mortality on growing chicken 
In 4 of the experiments, the  carotene consuming power had no effect. 
two of the experiments, the high carotene consuming power was d e t ~  
mental to the chickens. 
Feeds of high-carotene consuming power may sometimes cause inju 
to chickens through vitamin A deficiency if the ration is low in car 
tene or vitamin A potency. Otherwise a high carotene consuming pow 
does n o t  appear to be injurious. 
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